authority (showing relevance to other serious and/or respectable materials) to ensuring that one's materials are supported by others. In a sense, Web links can sometimes be considered as catalysts, facilitating diffusion of information in an efficient way (Park and Thelwall 2003) .
One of the ideas underlying hyperlinking behavior is that communication technologies have brought a degree of time-space convergence: factors such as time and spatial distance have become less important for communicating, distributing, and exchanging information (Giddens 1979 (Giddens , 1986 . The Web and e-mail have become the most convenient and economic solution for the distribution of many types of information. In a sense, what McLuhan once called "globalization" is taking place once again as the Internet becomes a common vehicle to transfer and exchange beliefs, ideas, and information all around the world (Park and Thelwall 2006) .
Researchers are particularly active in using the Internet as a vehicle to disseminate and receive relevant information from and/or to similar others. It has become common practice to send research through the Internet and to use hyperlinks to interconnect Web sites.
However, this phenomenon is not necessarily a unified development independent of geographical location, because of, for example, cultural and language differences. This study aimed to explore geographically specific Web linking phenomena by examining the configuration of Web links among the universities of Korea.
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Theoretical Framework and Literature Review
Social Network Approaches in the Age of Internet Communication
The structure of an academic system may be examined through the use of a social network framework that studies the relations that exist among social entities ranging over cultural symbols, people, groups, corporations, and nation-states (Barnett, Danowski, and Richards 1993; Scott 1991a Scott , 1991b Wasserman and Faust 1994) . Social network analysts argue that social relations are generally arranged on the basis of exchange actions among social entities. The contents exchanged include various kinds of (visible or intangible) 542 SCIENCE COMMUNICATION things, such as goods, political power, social identity, and information. The exchanges taking place create patterns or regularities that could not be found if the social entities were analyzed individually. Relationships among entities of a social system can be represented as a network: a set of nodes (or actors) and their interconnections. The goal of social network analysis is to identify social relations among specific social actors, as well as forms and content of network structures in the social system. Similarly, academic structure may be viewed as a set of relations among academic entities, such as research papers, academic journals, scholars, and interdependent academic organizations. Academic communication, which is important in this context, is often measured by coauthorship and the citation of articles, authors, or journals among members of academic disciplines (Borgman and Furner 2001; Newman 2000; Perry and Rice 1998) .
Social network analysts (e.g., Haythornwaite and Wellman 1998; Koku, Nazer, and Wellman 2001; Walsh and Maloney 2002, 2003) have examined the pattern of academic communication and media use among researchers on the basis of their working and social relations using academic productivities, the frequency of academic communications, information exchange relationships, and types of communication technologies used. They have found that those who communicate more frequently tend to be more productive (in terms of authored articles, see Walsh and Maloney 2002) and are involved in more types of information exchange relationships and communication media. The findings of social network analyses also support that the closeness or strength of work ties (such as the frequency of coauthoring articles) is generally associated with the number of information exchanges and communication media used among the researchers.
The Internet is becoming increasingly important for academic interactions. The frequency of new communication technologies used by researchers is also increasing, and their types are becoming more diverse, helping exchange various forms of information and carry out a wide variety of modes of communication. The more frequent the collaboration, the more different types of communication channels are likely to be used. In particular, growing academic communication has currently been greatly facilitated by the adoption and diffusion of new digital technologies among researchers (Nentwich 2003; Nerdi 2002) . Digital technologies play pivotal roles in facilitating academic communication by providing versatile communication functions, including information management tools. A variety of novel forms of digital technologies make possible much more efficient and flexible modes of academic communication.
The uses of academic communication features such as coediting in word processing programs and the e-mail forwarding of relevant information distribution. supplement traditional academic communication behaviors (including faceto-face meetings) without necessarily completely replacing them. In particular, asynchronous communication technologies (e-mail, bulletin boards, etc.) have been found to be very useful in task-oriented scientific activities (Finholt and Sproull 1990; Kraut, Egido, and Galegher 1990) . For instance, they can increase the degree of accessibility to information within a research group regardless of geographical location or time zone, thus expanding the size of research networks. According to Walsh and Maloney (2003) , e-mail had a positive impact on addressing a coordination problem that frequently occurred during collaboration in the fields of experimental biology, math, physics, and sociology. Furthermore, collaboratories furnish online researchers with electronic resources as well as coworking space (Finholt 2001 Our special interest is in hyperlinking within academic communities because links between two academic (e.g., university) Web sites can sometimes reflect real-world communication networks connecting people and groups across institutional boundaries. This particular type of communication is inscribed on universities' Web sites so that we can examine the relationships among an academic system's components on the basis of the stable patterns of their uses of links. Of course, in the nature of the Web, people in the academic community can equally link to information and sites of people that are not related to academics. Moreover, there is no reason why meaningful communication networks are represented in links exchanged between two universities. Nonetheless, in an information society, drawing interinstitutional information networks on the basis of link structures among universities' Web sites hosted in Korea can be a useful step to help map the new structure of academic communication in a local context.
Information Science Approaches
In the information science fields of bibliometrics and scientometrics, a considerable body of relevant research has investigated academic activity through publications, primarily in journal articles. Citations in particular are recognized to be valuable as potential indicators of the value of academic work (Merton 1973 ): a highly cited article is more likely to have been influential in science than an uncited one, other factors being equal. Similarly, citations may also be used to track the flow of ideas or the development of research fronts. Several citation-based techniques are currently in use.
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between a small number of related journal articles, such as those starting a new field (Garfield 1974) . Citations between whole journals can also be used, for example, to create a network or proximity map to illustrate the interrelationships between journals within a field (Cawkell 2000) . The most ambitious endeavor, which modern computing power may make possible, is to create maps of the whole of science on the basis of citations (Small 1999) . A second type of citation analysis uses co-citations: two articles are co-cited if they both appear in the reference list of a third article (Marshakova 1973; Small 1973) . Intuitively, highly co-cited articles should have something important in common, and so co-citations could also be used to produce maps of areas of science. This is commonly used for author co-citation analysis, which produces maps to illustrate the relative positions of authors within a specialist field (White and Griffith 1982) .
A second type of bibliometric measure is coauthorship, which can be used to map the collaboration patterns of scientists, as expressed through the coproduction of academic articles. This can be used for research into patterns of international scientific collaboration, for example (Arunachalam and Doss 2000; Glänzel 1995) . Finally, the text of publications can also be used as an independent method of creating maps of journals or articles. For instance, co-word maps may illustrate the key ideas in a research field through the co-occurrence of words in the titles of articles (Leydesdorff 1989) . This type of co-word analysis has also been applied to the Web (Leydesdorff and Curran 2000; Leydesdorff and Hellsten 2005) and is a promising future research direction.
Hyperlinks as Web Indicators
Some past hyperlink analyses have tended to assume that the motivations for hyperlinking to another researcher's or institution's Web site are the recommendation or endorsement of the Web site hyperlinked to (Park and Thelwall 2003) . Of course, hyperlinks may be based on disagreement rather than collaboration among Web site producers. In other words, hyperlinks may not represent positive ties but, rather, negative or antagonistic connections. This casts the question, Can hyperlinking play a role in scientific and academic communication analogous to measures of citations (Cronin 2001 , Ingwersen 1998 )? To estimate the quality or influence of an academic article, the frequencies of being cited by other articles can be counted (Garfield 1964) . In a similar vein, interpreting the number of incoming hyperlinks of academic Web sites or documents as a function of their reputation, quality, or impact has been discussed in the webometrics literature (Bjorneborn and Ingwersen 2001; Glänzel and Schubert 2001; Park 2003; Thelwall 2002 Thelwall , 2002b Wilkinson et al. 2003) . This idea has also been adopted to design search engine ranking algorithms, such as Google's PageRank (Brin and Page 1998) . The proponents of this system argue that the quality of a Web site is not inherent in the site but in visitors' evaluations. Therefore, the total number of hyperlinks received from other sites is an estimation of value from other sites. The more incoming hyperlinks, the better the evaluation. Thus, measuring the most credible or influential site on the basis of the number of hyperlinks on other sites is more reliable than using the number of hits or visitors. At a practical level, there is currently no quick and fast system to evaluate a vast number of Web sites or documents (regardless of their types), except for hyperlink counts. Thus, indicators are useful, at least until a filtering system is established to differentiate positive hyperlinks and negative ones.
In light of the above discussion, we would expect that communication patterns within traditional scientific and scholarly structures would appear in the uses of the Internet. This study sought to explore the interplay between hyperlink-mediated communication processes among university researchers and traditional academic communication.
Research Questions
Our primary research goal was to investigate how an academic hyperlink network on the Web reflects the off-line research communication network. Specifically, this research examined the similarities between the structure of the hyperlinkage connectivity among universities' Web sites in Korea with respect to the publishing of journal articles by researchers working at those universities. It tested whether patterns of academic hyperlink connectivity among universities' Web sites reflect those of articles published by those universities.
Research Setting
The setting for this research was the Asian region. Korea is of particular interest because of the rapid rise of both its academic and its digital communities. In the case of academic development in Korea, according to Park, Hong, and Leydesdorff (2005) , the addresses in the CD-ROM version of the 2000 Science Citation Index (SCI) database point to 12,038 records with Korea as their country name (see Table 1 ). This figure increased to 14,931 in 2002. The number of records with university addresses was the 546 SCIENCE COMMUNICATION largest among three domains (university, government, and industry) in both years. The number of government addresses followed. Fewer than 1,000 of these records contained industry addresses. The number of Korean articles in all categories increased from 2000 to 2002. For example, the number of articles with university addresses in Korea was 13,163 in 2002 and 10,345 in 2000. This reveals that among many types of academic Web sites in Korea, universities' Web sites are an eminently suitable sample group for examining interinstitutional research relationships. In Table 1 , the sums of university, industry, and government publications in all rows are higher than the total number. This occurred because some articles were counted more than once when there were multiple authors. If an article was coauthored by a university-affiliated professor and an industry researcher, it was included in both the university and industry counts.
In the meantime, Internet development in Korea has been increasing very rapidly, and its surprising growth is attracting much attention in academia. According to the International Telecommunication Union (2004) noted that the extent to which the possible results from studying Korean Web sites can be generalized to the rest of the world may be limited. By the same token, the degree to which we can come to conclusions about other Web sites on the basis of hyperlinking information about Korean universities' Web sites may not be large; part of their value lies in placing the results into context with previous studies of other countries' university Web sites.
Methods and Data
Social Network Analysis
The concepts and methods of social network analysis applied to social relations were used in this research. Social network analysis (hereafter network analysis) is a set of research procedures for identifying structures in social systems on the basis of the relations among the system's components rather than the attributes of individual cases (Wasserman and Faust 1994) . The method may be applied to describe the patterns of communication among different social systems in an academic community. The way in which the structure of interuniversity academic communication is represented on the Web can be examined through the use of network analysis. This is a close relationship between the theory and methodology used in the study. For this research, social network analysis was conducted using UCINET for Windows (Borgatti, Everett, and Freeman 2002) . distribution.
Data
Among the universities registered by Braintrack (http://www.braintrack.com/), the most visible two universities in each local region regarding to the number of in-links to their Web sites were selected using AltaVista (http://www.altavista.com). Braintrack was previously used as a source for the study of interlinking among European university domains (Thelwall, Tang, and Price 2003) . Next, we used AltaVista to collect the number of inand out-links between pairs of the above universities.
2 In-links are the links that a focal university receives from another university. Out-links are the links outgoing from the focal university. The number of in-links for academic universities has been claimed to be affected by the reputation of the universities, the quality of education they provide, and influences that the universities might exert on other universities (Park and Thelwall 2003 ) but seems to be primarily a by-product of the research productivity of the source universities . We then obtained the number of research articles listed in the 2003 SCI published by each university. Two universities seemed not to have reliable records of publication, so they were deleted from the sample. 4 The total number of the sample became 28. The list of universities is shown in Table 2 .
Results
Individual Analysis: Degree Centrality
First, degree centrality analysis was carried out (Freeman 1979) . This technique suggests which is the most active linking university and which is the most popular link target within a sample. This is a basic and primary measure in hyperlink network analysis (Park and Thelwall 2003) . As seen in Table 3 , degree centralities indicate how many links each university has created (i.e., out-degree) or has received (i.e., in-degree) from the other universities in the sample. For example, Seoul National University received 1,050 links from all other universities in the sample. It also made 1,199 links to other universities. Considering that there was a significant gap between this university and the second largest university, Korea University, with 319 outlinks and 457 in-links, Seoul National University might be considered to be a university engaging actively in research collaboration with other universities. One possible reason is that Seoul National University might have some valuable research resources that are used by other universities via Web site links. It is also interesting that some universities were not balanced in terms 550 SCIENCE COMMUNICATION For more details about each method, see Wasserman and Faust (1994) . CONCOR first dichotomized the initial raw matrix (Table 4) with the mean value of the matrix (17.11). The values above the mean were recoded as one and those below the mean as zero. This is a useful procedure because relatively weak links between two academic institutions would not be put into the structural analysis. Next, a similarity matrix was made on the basis of the correlations among the university sites investigated. This conversion process is obligatory for CONCOR to examine if two sites are "structurally equivalent" in a hyperlink network. In the field of social network analysis, if the connection pattern of one particular node in a given network is similar to that of another, they are called structurally equivalent (White, Boorman, and 
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Breiger 1976). In this case, the two nodes occupy the same position in the network, and they may be interchangeable. Finally, CONCOR partitioned the sets of structurally equivalent sites into four groups. Figure 2 shows four groups identified via CONCOR using a tree diagram. The universities within the same group occupied the same (or at least similar) positions in the hyperlink network. For better visualization, Figure 3 was drawn in two dimensions to clearly show the classification of university sites according to their affiliation groups. CONCOR was unable to reveal all features within and between the groups. Thus, block modeling was performed, as shown in Table 5 . The values in Table 5 are correlation coefficients between the four groups. The diagonal values are correlation coefficients among the Web sites within each group. For example, the value 1 in group A means that the sites in the group were highly correlated in terms of linking behavior. Also, the value .93 (row A, column C) indicates that the sites in group A had significant out-links toward the sites in group C. From this block-modeling method, some unique characteristics of each group regarding linking behavior may be hypothesized. Figure 4 gives a simple representation of the relationship within and between the groups. The strength of connection from one group to another is proportional to the size of the arrowhead. Specifically, member Web sites in group A, composed of Seoul National University and Chunnam University, tended to link to each other the most frequently (1) and out-link to the universities in groups C and D at significant rates (.93 to group C and .91 to group D) . This means that the members of this group might have been highly aware of others' research both in their own groups and across the groups. The density of hyperlinks among the members of group C (Korea University, Pusan National University, Kyungpook National University, Hallym University, Kangwon University, Gyeongsang University, and Mokpo National University) is .53, which is about half the size of that of group A, while that of group D 
(Dong-A University, Keimyung University, Hannam University, Chungnam National University, Inha University, Chosun University, Cheju National University, Ajou University, Suwon University, Chungbuk National University, Soonchunhyang University, Yeungnam University, the Catholic Univerity of Taegu, Changwon University, Chonbuk National University, and Wonkwang University) is .06 (omitted because the value is below the average). This indicates that members in group D might not have been engaged with others in the same group as much as other groups (except group B). Instead, they were 
for distinguishing group members. Indeed, analysis of variance (ANOVA) tests confirmed this assumption: for in-links, F(3, 24) = 9.27, p < .0001; for out-links, F(3, 24) = 62.79, p < .0001. In other words, in terms of the number of in-and out-links, the four groups were distinctively recognized. Furthermore, hyperlinking activities may be one of the factors showing how universities are productive in terms of producing journal articles. This hypothesis was also tested and confirmed: for SCI journal articles, F(3, 24) = 8.26, p < .0001. A post hoc test revealed that group A was different from all other groups (for all significant levels p < .05). In other words, the universities in group A differed distinctively in terms of research quality. Table 6 shows the number of articles published by each university and the number of in-and out-links together with the four groups identified on the basis of the CONCOR analysis. Table 7 shows the ANOVA results of the CONCOR analysis.
Comparing Academic Linking with Journal Publishing
As a final task, the hyperlink structure between university Web sites was compared with the journal publishing of each university. For this, the quadratic assignment procedure (QAP) was used. In contrast to structural tests such as CONCOR, the QAP shows the extent to which the internal structure of one network is similar to that of another (Wasserman and Faust 1994) . In hyperlink network analysis, the QAP has been used to identify patterns of interconnectivity between Web sites and to compare the link structure with other attributes of Web site producers (Park and Thelwall 2003) . For this study, the link matrix (as seen in Table 4 ) was divided into two sets of matrices (i.e., in-and out-link matrices) to examine these concrete aspects of the link network. Next, journal publishing data, which were obtained as a traditional "case-by-variable" matrix, were converted into a "case-by-case" network matrix by obtaining the dyadic differences (calculated with absolute values) between the universities. Three matrices were put into the analysis.
The QAP results are shown in Table 8 (adjusted R 2 = 35.6 percent). The standardized coefficients for the independent matrices were .24 and .41 (the in-and out-link matrices, p < .01 and p < .05, respectively). This reveals more specific relationships between the universities. First, coefficient values for both in-and out-links indicate that linking affects article publication positively. That is, in a dyadic relationship between a set of two universities, if one university has more links (both in-and out-links), the greater differences between the two are found in terms of the number of articles published. Furthermore, the number of in-links affects article publication more significantly than the number of out-links ( β = .41 for in-links and .24 for out-links). This means that if one university receives more hyperlinks from another, this may be because it is more productive in terms of journal article publication. However, as with any other regression tests, it should be noted that the analysis does not warrant a causal relationship. Rather, the analysis shows a positive relationship between the phenomena under investigation. Nevertheless, the QAP suggests that more productive Korean universities tend to receive more hyperlinks from other universities. This is consistent with previous research for other countries (Smith and Thelwall 2002; Vaughan and Thelwall 2005) . 
Discussion and Implications of the Study
This study aimed to reveal the structure of hyperlinking from Korean universities. The analysis identified some highly visible universities in terms of in-and out-linking behavior. It also revealed two types of structural characteristics. First, the CONCOR analysis revealed that there were four distinctive groups in the sample data, and there was a distinctive difference in the amount of journal article publication among the four groups.
More specifically, the analysis provided evidence showing that journal article publication might have affected the overall configuration of in-and out-links among the sample universities. Second, the relationship between journal article publication and linking behavior was distinctively dyadic.
That is, at the dyadic level, the productiveness was indeed related to the number of in-and out-links between the two universities. This has been previously found for other measures of research productivity ), but not for publication. As stated earlier, however, we believe that the individual hyperlink creation behavior involves several relational dimensions, so that the number of SCI articles published is not the only factor determining hyperlink creation. Other factors, such as the configuration of researchers with the same or similar (or different) interests among the sample universities, or researchers' working policies in each university, might affect the linking patterns . Making visible these kinds of relationships among researchers might reveal more specific and clearer pictures of hyperlinking behavior.
It should be recognized that hyperlinks are not a fundamental part of the science system in the same way that citations are (Merton 1973) , even though the Web is becoming central to academic research. This means that hyperlinks will probably never be used to directly evaluate research but at best to provide supportive evidence (Thelwall 2002a) . It seems that hyperlink analysis can perform two useful functions in the analysis of science. First, as a timely and easily accessible data source, it can point to patterns and trends in science communication. While it would be difficult to claim that Web data provide highly reliable evidence of the underlying communication patterns of researchers, it can at a minimum provide ideas for future exploration. Second, hyperlinks can be used in conjunction with other data sources (e.g., citations, coauthorships, co-word analyses) at a form of triangulation or alternative perspective (Heimeriks, Hörlesberger, and van den Besselaar 2003; ).
